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ABSTRACT 
Samples of Tor tor were collected from Bari Reservoir of Udaipur and 
Narmada River at Hoshangabad (India), in the months of July and November 
2005, respectively. Twenty-five samples were collected from each location. Bari 
Reservoir samples ranged from 17.0 to 24.5 em in total length and from 75 to 155 
g in weight, while Narmada samples ranged from 20.0 to 42.0 em in length and 
90 to 425 g in weight. The nucleic acid content in body muscle of Tor tor and the 
RNA/DNA ratio were estimated. The age of fishes was estimated by the scale 
study method and specimens were classified into four age groups. RNA/DNA 
ratio showed significant linear increase with increase in weight and age till the 
age of three years after which, the growth rate reduced. The 1-2 year group was 
the only one common between the two water bodies and a comparison of 
RNA/DNA ratios showed higher growth rate in Bari Reservoir. The gross 
primary productivity was also higher in Bari Reservoir being 551 mg cm-3 d-1 
compared to 404 mg cm-3 d-1 observed for Narmada River. The condition factor 
(K) was found to be higher (1.21) in the fish from the Bari Reservoir compared 
to those of Narmada River (1.14). The growth rate was higher in females 
compared to males in> 100 g specimens. 
I(eywords: Tor tor, growth, RNA/DNA ratio, condition factor (K) 
INTRODUCTION 
Mahseer (Tor spp.) of the family 
Cyprinidae is regarded as one of the best 
sport fish and is also a preferred food fish. 
It is essentially found in the hilly areas in 
rivers with rocky beds and rapids (Joshi, 
1988). The abundance of mahseer has 
been declining in its natural distribution 
ranges as a result of over-exploitation and 
habitat alterations (Shrestha and Gurung, 
1988; Chonder, 1999). In Gobind Sagar 
Reservoir, catches of mahseer constituted 
as high as 9% of the total catch during 
1984 to 1995. This declined to a level of 
1% during 1999 to 2000. To save this 
important resource, effective 
conservation and propagation assisted 
rehabilitation strategies are necessary 
(Khan et al., 1994). This could be done 
more effectively if data are available on 
mahseer stock structure and growth 
characteristics in various water bodies 
where it is distributed (Ferguson et al., 
1995). Hence, a study of hydrographical 
conditions and developmental stages of 
mahseer that show rapid somatic growth 
will allow the planning of effective 
conservation strategies in natural water 
bodies. 
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In this context, the present study 
measures the somatic growth of wild 
mahseer samples collected from two 
different types of water bodies (river and 
reservoir) in terms of RNA/DNA ratio. 
The RNA/DNA ratio is one of the most 
accurate indicators of somatic growth 
rate. The quantity of DNA is constant 
within the species, while the RNA content 
shows variability with respect to different 
growth stages as well as hydrographical 
differences (Buckley et al., 1999). The 
paper reports a comparison of growth of 
mahseer in two different water bodies 
with respect to their hydrographical 
parameters, and the developmental stages 
and sex ofthe specimens collected. 
MATERIAL AND METHODS 
ExperimentalAnimal 
Wild Tor tor samples were collected 
from Bari Reservoir, Udaipur (Rajasthan) 
and Narmada River, near Hoshangabad 
(Madhya Pradesh). Twenty-five 
specimens were collected from each 
location during July and November 2005, 
respectively. Their lengths and weights 
were recorded, and muscle tissue samples 
were collected and transported in ice to 
the Central Institute of Fisheries 
Education, Mumbai. The samples were 
stored at -70°C prior to RNA and DNA 
estimations. Scale samples above the 
lateral line and below the dorsal fin were 
gently removed from all the fishes of 
different size-groups from both the water 
bodies and age estimation was done after 
Khandker and Haque (1970). 
Estimation of RNA and DNA 
RNA and DNA estimations were 
done by orcinol and diphenylamine 
methods, respectively, and RNA/DNA 
ratio was determined after Schneider 
(1969) and Buckley et al. (1999). 
Water Quality Parameters 
Two sample-collecting stations were 
identified in both the water bodies which 
were randomly located. Two surface 
water samples from each location were 
collected in 250-ml glass bottles and 
transported to the laboratory in ice. The 
water quality parameters, viz., dissolved 
oxygen and total alkalinity and 
temperature, were analyzed following the 
standard methods of water analysis 
(APHA, 1998). Gross primary 
productivity ( GPP) was estimated using 
the conventional light and dark bottles 
method (Gaarder and Gran, 1917) to find 
the gross oxygen production (GOP). GOP 
was then used to calculate GPP. 
S ta tis tical Analysis 
The condition factor (K) was 
determined using the length and weight 
data of fish samples (Le Cren, 1951). 
Standard statistical procedures (Snedecor 
and Cochran, 1980) were followed to 
analyze the data. 
RESULTS AND DISCUSSION 
Developmental Stages of Mahseer and 
Growth Rates 
The fishes collected from Narmada 
River ranged from 20.0 to 42.0 em in total 
length and from 90 to 425 g in weight, 
while specimens collected from Bari 
Reservoir ranged from 17.0 to 24.5 em in 
total length and from 7 5 to 15 5 g in 
weight. The age estimation of fishes was 
done based on the observation of the scale 
samples collected from them (Fig. 1 ). 
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(1-2 yr) (2-3 yr) (3-4 yr) (Above 4 yr) 
Fig. 1: Scales of various age groups ofmahseer collected from Narmada River 
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Fig. 2: Trends of length, weight (mean±SE) and RNA/DNA ratios of 
various age groups of mahseer from Narmada River 
Fishes from Narmada River were 
classified into four age groups (1-2, 2-3, 
3-4 and >4 years). The average weight of 
the various age groups ranged from 
131.00±14.03 to 397.50±5.43 g, length 
from 21.80±0.71 to 37.73±0.85 em and 
RNA/DNA ratio from 6.03±0.043 to 
7.1 0±0. 015. The trends are represented in 
Fig. 2. Only the 1-2 year age group could 
be obtained from Bari Reservoir. The 
average weight, length and RNA/DNA 
ratio were 108.63±4.79 g, 20.74±0.39 em 
and 6.31±0.16, respectively. The 
statistical analysis of RNA/DNA ratio 
data of this group from the two water 
bodies shows that the specimens from 
Bari Reservoir have a significantly higher 
growth rate. A comparison of RNA/DNA 
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ratios across the four age groups from 
Narmada River shows that growth rate 
and weight increase linearly up to the 
fourth year of age after which, they begin 
to plateau off(Fig. 2). 
Varavskiy et al. (1991) analyzed the 
relationship between the RNA/DNA ratio 
and growth rate in coho salmon 
( Onchorhynchus kisutch ). A significant 
correlation was observed between 
RNA/DNA ratio and growth rate, and 
hence, the statistic is used as an indicator 
of growth rate. Buckley (1979), Houlihan 
et al. (1988), andAnger andHirche (1990) 
reported that RNA concentration in white 
muscle tissue, which is directly related to 
protein synthesis, is higher in fishes with 
higher body weight as compared to those 
weighing less. RNA/DNA ratio has also 
been shown to vary with age ( Clemmesen, 
1987). Buckley and Bulow (1987) 
reported that the ratio is higher in older 
fish compared to younger ones. Our 
results show the same trend of increasing 
growth rate till the fourth year in mahseer. 
After that, it begins to plateau off. This 
indicates that the increment in growth per 
year keeps increasing for the first three 
years after which, growth happens at a 
steady rate perhaps. However, samples of 
higher age groups will have to be studied 
to ascertain that. 
Hydrobiological Parameters and 
Growth Rates ofMahseer 
Temperature, dissolved oxygen and 
total alkalinity were within the desirable 
range for mahseer in both the water bodies 
(Table 1 ). However, temperature was 
higher by 1 oc in Bari Reservoir, which 
Table 1: Hydro biological parameters of Bari Reservoir and Narmada River 
Bari Reservoir Narmada River 
Parameter 
1 2 3 4 Mean 1 2 3 4 Mean 
Temperature 
(oC) 27.4 27.6 27.3 27.1 27.4 26.8 26.5 26.4 26.2 26.5 
Dissolved 
Oxygen (rng 4.3 4.5 4.8 5.0 4.6 5.1 5.3 5.2 5.6 5.3 
rl) 
Total 190 205 210 225 208 165 160 179 184 172 
alkalinity 
(rug 
CaC0311-1) 
GPP (mg C 530 545 558 570 551 370 385 415 445 404 
m-3 d-I) 
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also showed higher total alkalinity, 
whereas dissolved oxygen was higher in 
Narmada River. GPP was much higher in 
Bari Reservoir with the mean of four 
samplings being 551 mg cm-3 d-1 compared 
to 404 mg cm-3 d-1 observed for Narmada 
River. Only one common age group (1-2 
year) could be collected from the two 
water bodies and the higher growth rate 
(RNA/DNA ratio) observed in the 
samples collected from Bari Reservoir 
reflects the higher GPP of the water body. 
The growth of fish in a natural ecosystem 
considerably depends on the production 
status of the water body, which is 
influenced by various abiotic and biotic 
factors. Bucldey (1982) reported the 
effects of abiotic factors on growth, 
RNA/DNA ratio in muscle tissue and 
biochemical composition of larvae of 
winter flounder (Pseudopleuronectes 
american us). Canino (1994) also 
observed the effect of temperature and 
food availability on the growth and 
RNA/DNA ratios of walleye pollock 
(Theragra chalocgramma). He found that 
RNNDNA ratio in fish muscle increases 
with optimum temperature and the food 
production of the water body. 
Length-weight relationship and 
condition factor were also estimated from 
the data available in the present study for 
both the water bodies. Here too, it was 
observed that the condition factor (that 
indicates well-being) of fishes from Bari 
Reservoir was significantly higher ( 1.21) 
than Narmada River. This may be due to 
the fact that Bari Reservoir is a lentic 
water body containing better nutrition and 
productivity as compared to Narmada 
River which is a lotic water body. Chung 
' 
et al. (1993) reported that RNA/DNA 
ratio in the muscle of fed fish is greater 
than that of starved fish, and is related to 
specific growth rate and condition factor 
offish. 
The length-weight relationship and 
condition factor of the fish reflect the 
productivity status of the particular water 
body (Anger andHirche, 1990). Dasgupta 
(1991) worked on morphometric a~d 
meristic characters, and their 
interrelationships in 180 specimens of T. 
tor collectedji-om Garo Hills, Meghalaya, 
where the length ranged from 35 to 95 em 
(total length) and weight ranged from 0.25 
to 6.50 kg. He found the condition factor 
(K) to be 0.537. We found higher 
condition factors in Bari Reservoir and 
Narmada River. The positive relationship 
between total length and RNA/DNA ratio 
was established by Caldarone and 
Buckley (1997) in Atlantic cod (Gadus 
morhua) and the same has been observed 
in the present study (Fig. 2). 
Growth Rates in the Two Sexes 
Statistical analysis of growth rate 
(RNA/DNA ratio) in males and females of 
mahseer from the two reservoirs (Table 2) 
showed significantly higher growth rate in 
females in both the water bodies (P ;;::: 
0.05). When the data were analyzed after 
segregating male and female specimens 
into two groups of <1 00 g and > 100 g 
body weight, it was found that the growth 
rates did not significantly differ between 
males and females in the <100 g group, 
but only in the> 100 g group. 
CONCLUSION 
Due to the higher productivity ofBari 
Reservoir, specimens collected from there 
showed higher growth and better 
condition factor. Since reservoirs are 
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Table 2: Sex-wise length, weight (mean ± SE) and RNA/DNA ratio of mahseer in 
Bari Reservoir and Narmada River 
Bari Reservoir Narmada River 
Location Length (ern) Weight (g) RNA/DNA Length Weight (g) RNA/DNA 
ratio (ern) ratio 
21.52±0.548 117.28±7.02 6.53±0.21 35.65±2.04 423.16±56.86 6.74 ±0.11 Female (n= 12) (n = 14) (n= 14) (n = 14) (n= 12) (n= 12) 
Male 19. 7±0.42 94.54±3.83 6.13±0.20 29.26±1.57 90.38±37.34 6.64±0.12 (n= 11) (n= 11) (n = 11) (n = 13) (n = 13) (n= 13) 
lentic water bodies and have better 
nutrition, those reservoirs that have water 
quality parameters conducive to mahseer 
requirements can be used to stock this 
endangered species as has been done in 
Walwan Reservoir of Tata Power 
Company at Lonavala. Our observations 
show that under favourable conditions, 
fishes attain a weight of 100 g in less than 
a year and that the growth rate increases 
linearly up to four years (~ 350 g). 
Females show higher growth than males 
and might be preferred during harvesting 
putting auto-stocking to risk. Hence, 
induced breeding may be done and 
mahseer spawn may be reared separately 
to 100 g body weight before being stocked 
in the reservoir to ensure better survival. 
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